This study examined whether the nonitem-specific retest learning effects, previously shown with young-old adults primarily in their 60s and 70s, could be extended to oldest-old adults aged 80 and onward. Twenty-one oldest-olds participated in an 8-session retest training program with three ability domains: perceptual speed, inductive reasoning, and visual attention. Their data were compared with the data of 30 young-olds collected in a previous work (Yang, Reed, Russo, & Wilkinson, 2009 ). The two age groups showed largely equivalent retest learning effects. In addition, only young-olds were able to benefit from item-specific retest learning, specifically in reasoning and perceptual speed tests.
A large body of literature suggests that age-related declines in certain cognitive abilities could be reduced or even reversed through cognitive training (for reviews, see Baltes & Lindenberger, 1988; Greenwood, 2007; Hertzog, Kramer, Wilson, & Lindenberger, 2008; Kramer & Willis, 2002; Lövdén, Bäckman, Lindenberger, Schaefer, & Schmiedek, 2010; Stine-Morrow & Basak, 2011; Thompson & Foth, 2005) . With a main focus on direct teaching of new strategies, such as mnemonic techniques or reasoning strategies, many previous cognitive training studies revealed sizable cognitive plasticity in older adults (e.g., Ball et al., 2002; Baltes & Willis, 1982; Craik et al., 2007; Stuss et al., 2007;  for meta-analysis, see Verhaeghen, Marcoen, & Goossens, 1992) . However, very old adults were unable to effectively apply and optimize the newly learned mnemonic technique (Singer, Lindenberger, & Baltes, 2003) .
Recently, an emerging body of studies has adopted a processspecific training approach that aims to improve cognitive processing efficiency through retest practice. It has been successfully applied to improve older adults' performance on tests of fluid abilities and executive functions (Bherer et al., 2005; Li et al., 2008; Yang, Krampe, & Baltes, 2006 ; for reviews, see Hertzog et al., 2008 and Basak, 2011) . Consistent with earlier empirical findings (Hofland, Willis, & Baltes, 1981; Hoyer, Labouvie, & Baltes, 1973) , these studies demonstrated reliable retest learning effects (i.e., performance improvement on the target process through retest practice without instructions on taskspecific strategies or adaptive feedback) (Stine-Morrow & Basak, 2011; Yang et al., 2006) . With minimal intervention and without trainer-guided new strategy teaching, retest learning is assumed to be mainly driven by reactivating or refreshing old skills that are still available but decline in older adults, thus representing a basic form of cognitive plasticity (Yang et al., 2006) . Retest learning has been shown in both young-old and oldest-old adults in the domains of reasoning, perceptual speed, and visual attention (Yang et al., 2006) . However, this study was vulnerable to item-specific effects (e.g., memorizing or familiarizing with specific items or solutions) because identical items of the training tasks were given across retest sessions.
In a follow-up study with primarily young-olds in their 60s and 70s, the item-specific retest learning was eliminated by administering parallel versions of the psychometric tests (i.e., without any overlap in perceptual structure in items and solutions) at each retest session (Yang et al., 2009) . The results showed substantial nonitem-specific retest learning, suggesting retest learning in old age could occur at a more conceptual level by spontaneously mastering and applying rules to solve new items. Following up this study, the current study aimed to extend this nonitem-specific retest learning to the oldest-old aged 80 and onward. This is particularly meaningful given that this segment of population is growing most rapidly across the world (United Nations, 2010) and research has demonstrated accelerated cognitive declines in the oldest-old (Baltes & Mayer, 1999; Wilson, Beck, Bienias, & Bennett, 2007) . Considering their accelerated cognitive declines and the limited new learning capacity (e.g., Singer et al., 2003) , it is tempting to predict that oldest-olds may show minimal nonitemspecific retest learning. However, Yang et al., (2006) promisingly found substantial retest learning effects even for oldest-olds. The learning rate was age-equivalent in visual attention domain, but slightly reduced in oldest-olds relative to young-olds in reasoning and perceptual speed tests (Yang et al., 2006) . Given the potential contribution of item-specific memorization in Yang et al. (2006) and the well-established evidence of age-related declines in memory (e.g., Light, 1996) , we speculate that the steeper learning rate in young-olds in the reasoning and speed tests may be largely attributed to their differentially better memorization of specific items or solutions. If this is the case, we would expect that the oldest-old and the young-old show equivalent retest learning when the item-specific memorization is eliminated.
Following a previous practice (Yang et al., 2009 ), a betweenstudy comparison was conducted to examine whether the two age groups differ in the contribution of item-specific memorization to retest learning. The comparison was done between the current study where the item-specific effects were absent and Yang et al. (2006) where the item-specific effects were present. There is no sample overlap between these two studies, but the similarity and overlap in testing procedure and materials makes this betweenstudy comparison a feasible approach. Given that aging is associated with memory declines (e.g., Light, 1996) , we hypothesize that oldest-olds may show reduced or even no benefits from the itemspecific effects.
Taken together, the current study aims to address the following specific questions: (a) Do the oldest-old show retest learning in the absence of item-specific effects? (b) Are there differences between the young-old and the oldest-old in the nonitem-specific retest learning? And 3) do the two age groups differ in the contribution of item-specific effects to retest learning? It should be noted that the definition of oldest-old age is dynamic, varying with societal and historical context (Baltes & Smith, 2003; Neugarten, 1975) . To ensure between-study comparison, we followed the same distinction criterion used in Yang et al. (2006) to classify participants aged 80 and onward as oldest-olds. In addition, retest learning of the current oldest-old sample was compared with the retest learning data of the young-old sample mainly collected in Yang et al. (2009) . For the comparison purpose, we adopted the exact same 8-session retest paradigm with the same testing materials used in Yang et al. (2009) .
Methods

Participants
The data reported in this study were collected through three cognitive training courses with older adults conducted in the summer of 2007, 2008, and 2009 , respectively. The three courses involved identical design, tests, and retest procedure, but with no overlap in participants. The 2007 sample included 29 young-old adults (i.e., in their 60s and 70s) and 2 oldest-old adults (i.e., in their 80s), and their data have been reported in Yang et al. (2009) The total sample of oldest-old and young-old adults had an average of 17.20 years of education (SD ϭ 3.79) and rated themselves as healthy based on a 1-10 scale (M ϭ 7.88, SD ϭ 1.32). The two age groups did not differ in the demographic variables displayed in Table 1 , ts Ͻ 1.34, ps Ͼ .18. The female/male ratio was slightly higher in the young-old (26/4) than in the oldest-old (12/9) group, 2 ϭ 5.67, p Ͻ .05. The majority of participants (19/21 oldest-olds and 28/30 young-olds) were Caucasians. Most participants were morning-type persons based on their scores on the MorningnessEveningness Questionnaire (MEQ, Horne & Ostberg, 1976) . The Short Blessed Test (SBT, Katzman et al., 1983 ) was used to screen for dementia-related cognitive impairment, with all participants in the final sample scoring below the cutoff score of 6 (M ϭ 1.53, SD ϭ 1.69). Four participants (three oldest-old and one young-old) were excluded from the final sample because they scored above 6 on the SBT. Six participants (five oldest-old and one young-old) dropped out and consequently missed three or more retest sessions, and thus they were excluded from the final sample in data analysis.
Materials
The tests used for retest training include two perceptual speed tests: Digit Symbol Substitution (DS, Wechsler, 1981) and Letter Comparison (LC, Salthouse, 1991) ; two inductive reasoning measures: Letter Series (LS) and Number Series (NS) (Blieszner, Willis, & Baltes, 1981) ; and one visual attention test: D2 Test (D2, Brickenkamp, 1994) . The detailed description for the tests and the development of parallel versions can be found in Yang et al. (2009) . Briefly, DS requires participants to substitute digits with their corresponding symbols. LC requires participants to compare and determine whether two letter strings are identical or different. LS and NS require participants to figure out a pattern/rule based on a series of letters or digits and then identify the next letter/digit that best continues each series. D2 Test requires participants to detect two target symbols from all other similar distracting symbols.
Procedure
The procedure has been described in detail in Yang et al. (2009) . It was in a group training course format and comprised of one pretest, eight retest sessions (twice a week), and one posttest. During the retest sessions, participants were tested without receiving any external guidance or feedback. The training tests were administered under standard timed conditions and the order of tests for the three target ability domains was counterbalanced across sessions. As in Yang et al. (2009) , participants were given three tests at each retest session to minimize fatigue and interference effects. As a result, DS was given at all eight sessions. LC and NS (Shipley, 1946) .
were given at Sessions 2, 4, 6, and 8. LS and D2 test were given at Sessions 1, 3, 5, and 7. To eliminate item-specific effect, different parallel versions of the tests were given at different sessions.
Results
Due to participants' occasional absence (for no more than two sessions) or being late, 3.33% of the 1173 possible data points were missing. The missing data points were replaced with the estimates based on the individual linear regression model, for each participant and each test (Yang et al., 2009 ). To ensure betweentest comparisons, we transformed all the raw scores (i.e., number of correct solutions) into T scores for each test (M ϭ 50, SD ϭ 10), standardized to the first retest session. Following previous practice (Yang et al., 2006; Yang et al., 2009) , retest learning was primarily indexed with the T score increase across sessions. In addition, we also analyzed accuracy (i.e., proportion of correct items out of all attempted items) change across sessions to evaluate learninginduced improvement in effective strategy use, signaled by accuracy increase (Boron, Turiano, Willis, & Schaie, 2007) . Finally, following previous practice (Salthouse & Tucker-Drob, 2008; Stine-Morrow, Parisi, Morrow, & Park, 2008) , we calculated and analyzed the magnitude of retest learning gain effect size (i.e., performance improvement from the first session to the last session in the unit of baseline SD at the first retest session). D2 Test at Session 5 was excluded from the final analysis due to stopwatch recording errors, primarily in the young-old sample. Following the previous practice (Yang et al., 2006; Yang et al., 2009 ) and considering that both LS and NS were retested for four sessions, we grouped them into a composite score indexing inductive reasoning.
Retest Learning Effects
Number of correct solutions (T scores). A set of mixed age group (oldest-old vs. young-old) by session (8 sessions for DS, 4 sessions for LC, LS, and NS; and 3 sessions for D2) analysis of variance (ANOVA) tests were conducted on the T scores within each ability domain. For the session effect, we specified linear and quadratic contrasts to show gradual incremental improvement (i.e., the primary index of learning) and possible saturation effect at later sessions, respectively.
Both perceptual speed tests (DS and LC) showed significant retest learning in both linear, Fs Ͼ 18.39, ps Ͻ .001, 2 s Ͼ 0.27, and quadratic trends, Fs Ͼ 7.91, ps Ͻ .01, 2 s Ͼ 0.13. The linear session effect for LC was qualified by an age group by session interaction, F(1, 49) ϭ 5.55, p Ͻ .05, Mean Square of Error (MSE) ϭ 25.10, 2 ϭ 0.10. Post hoc analysis on the individually estimated linear regression slopes showed a steeper learning rate for the young-old (M ϭ 2.12, SD ϭ 2.25) than for the oldest-old (M ϭ 0.62, SD ϭ 2.23). All the other effects were not significant, Fs Ͻ 2.42, ps Ͼ .12.
The analysis on the inductive reasoning score (i.e., the composite average T score of LS and NS for each session) showed a significant linear session effect, F (1, 49) Learning gain. The retest learning gain effect size was calculated by dividing the gain T scores (final-session T score minus initial-session T score) by baseline SD at Session 1 for each test. The one-way ANOVA on this gain effect size score showed no age differences in any of the tests, Fs Ͻ 2.88, ps Ͼ .09, suggesting equivalent learning gains in baseline SD units between the oldestold (DS: 1.38; LC: 0.25; LS: 0.48; NS: 0.22; D2: 0.53) and the young-old (DS: 1.12; LC: 0.59; LS: 0.42; NS: 0.34; D2: 0.76).
Contribution of Item-Specific Effects
Following Yang et al. (2009), we evaluated the contribution of item-specific effects by comparing the retest learning effect size (i.e., the gain T scores in the baseline SD units) between the current study (i.e., using parallel versions of tests, without item-specific effects) and Yang et al. (2006) (i.e., using identical versions of tests, with item-specific effects) on perceptual speed (DS), inductive reasoning (LS and NS), and visual attention (D2). The retest learning effect size was calculated across the overlapped equal number of training sessions (i.e., 6 sessions for DS, 4 sessions for LS and NS, and 3 sessions for D2) between the two studies. The analysis involved participants who overlapped in age range across the two studies (i.e., 70 -89 years), including 36 from the current study (21 oldest-old and 15 young-old adults) and 65 from Yang et al. (2006) (31 oldest-old and 34 young-old adults). The sample size of the two age groups did not differ across the two studies, 2 ϭ 1.05, p ϭ .31. Furthermore, the male-female gender distribution of participants in each age group did not differ across the two studies (ps Ͼ .30). The between-subjects 2 (study: current study vs. Yang For the perceptual speed test (i.e., DS), there was a significant interaction, F(1, 97) ϭ 7.92, p Ͻ .01, MSE ϭ 0.26, 2 ϭ 0.08. Post hoc analyses suggested that young-olds showed larger learning effect in Yang et al. (2006) (M ϭ 1.16 , SD ϭ 0.53) than in the current study (M ϭ 0.81, SD ϭ 0.43), F ϭ 4.94, p Ͻ .05, whereas oldest-olds did not differ between the two studies (p ϭ .09). All the other effects were not significant, Fs Ͻ 1.
For the inductive reasoning domain (i.e., LS and NS), there was a main effect of study, F(1, 97) No effects were significant in the visual attention domain (i.e., D2 test), Fs Ͻ 1.
Discussion
The results of this study indicate that the two age groups show sizable and largely equivalent retest learning effects in three ability domains: perceptual speed, inductive reasoning, and visual attention. However, only young-olds, but not oldest-olds, show itemspecific retest learning in reasoning and speed domains. This provides solid evidence that oldest-old adults are still able to benefit from nonitem-specific retest learning, though their benefit from item-specific memorization is very limited. Together with our previous work (Yang et al., 2006; Yang et al., 2009) , this study suggests that older adults reserve a substantial amount of retest learning, a basic form of cognitive plasticity.
In replication of a previous work (Yang et al., 2009) , the current study revealed a significant retest-induced performance accuracy increase in inductive reasoning. This adds empirical support for the assumption that retest learning in inductive reasoning mainly reflects an improvement in spontaneous effective strategy use through mastering and applying the rules to solve novel items at a conceptual level (Boron et al., 2007) . The lack of improvement in accuracy for the perceptual speed and visual attention tasks may suggest that retest learning in these tests does not involve learning in effective strategy use. We speculate that retest learning in these tests may be primarily driven by general increase in task familiarity. In addition, we note that performance accuracy was high for all the speed and attention tests (DS, LC, and D2) across sessions (Ͼ.92). As a result, the lack of improvement may also reflect a ceiling effect.
The between-study comparison on the contribution of itemspecific effects suggested that only the young-old, but not the oldest-old, were able to benefit from item-specific effects on retest learning in perceptual speed and inductive reasoning. This may suggest that well-documented age-related deficits in explicit memory (e.g., Light, 1996) have constrained oldest-old adults' benefits from item-specific memorization. This well explains why youngolds showed superior learning than oldest-olds in reasoning and speed domains in Yang et al. (2006) where item-specific learning was involved, and the absence of age differences in learning in the current study where item-specific effects were eliminated. However, neither of the two age groups showed item-specific benefits in visual attention. The existence of item-specific learning in reasoning replicated the previous finding by Yang et al. (2009) . This study extended the effect to the perceptual speed test (i.e., DS). This might be because relatively frequent variations in item surface structure in reasoning and speed tests as well as the multiple rules involved in the reasoning tests (Saczynski, Willis, & Schaie, 2002) make it beneficial to memorize specific items/ solutions. In line with this assumption, performance improvement on the DS test is indeed related to memory (Piccinin & Rabbitt, 1999) . In contrast, the visual attention test (i.e., D2 test) involves simple items, a minimum target set (i.e., only two targets for each version), and a single straightforward solution rule. In this context, item-specific memorization may not be effective. Consistent with this assumption, performance on the D2 test does not correlate with immediate memory (Bates & Lemay, 2004) . We speculate that improvement in the D2 test is most likely resulted from increased test sophistication and familiarity (Yang et al., 2009) .
We should note that despite the age-equivalent nonitem-specific retest learning effect in most of the tests, age differences did show in the perceptual speed domain. The young-old showed a differentially faster/steeper learning rate in LC, whereas the oldest-old showed a higher accuracy in DS. The exact mechanism driving these age differences in these specific variables are unclear, but we speculate that there might be age differences in speed-accuracy trade-off in performing the speed tasks. The oldest-old may be more motivated to pay extra attention and to put more effort to improve performance accuracy and thus demonstrate a slightly higher accuracy in DS. The differentially steeper learning rate in LC for the young-olds may be due to their strategic shift from an accuracy-prioritized processing to a speed-prioritized processing later on with practice. In contrast, oldest-old adults may stick with the accuracy-prioritized processing in the speed test, LC, throughout the training.
It should be noted that the quadratic session effect for performance improvement was only significant in the perceptual speed test, but not in the reasoning or the visual attention tests. Lack of quadratic retest session effect in these domains may be parsimoniously interpreted by the small number of training sessions (i.e., four sessions for reasoning tests, and three sessions for the D2 visual attention test) that did not allow participants to reach their optimal performance level and thus failed to show a learning saturation effect. We expect the quadratic effect will be seen should the number of retest sessions increase. Consistent with this argument, Yang et al. (2006) involved six retest sessions for all the tests and found that all three ability domains showed significant linear and quadratic retest effects.
Similar to previous work (Yang et al., 2006; Yang et al., 2009 ), the current study also has some limitations. First, the generalization of the results is limited as the majority of our sample is well-educated and highly functioning older adults. Second, direct within-study manipulation will certainly be needed to strengthen and confirm the conclusion from our current between-study comparison analysis on the contribution of item-specific effects.
Nevertheless, the current study made significant contributions to the cognitive training literature by showing intact nonitem-specific retest learning in oldest-old adults. By eliminating item-specific effects, our research suggests that substantial retest learning could occur at a conceptual level, presumably by capturing rules and applying them to new items, for both young-old and oldest-old adults. Another novel finding of the current study is that young-old adults, but not oldest-old adults, are able to benefit from itemspecific memorization in retest learning, particularly in those moderately difficult and memory-dependent tasks, such as reasoning and perceptual speed tasks. These findings provide inspiring insight into the design and development of cognitive intervention programs for older adults. Comparing with most trainer-guided strategy-based cognitive interventions, the retest learning program does not require a trainer and does not necessarily follow a strict training schedule, and thus is most convenient and cost-efficient for older adults. It will be easily integrated into community-based or home-based self-guided cognitive training protocols, with a potential to improve older adults' everyday life.
